Abstract-The power system using the clean decentralized renewable horizontal axis river current turbine can be an alternative option in delivering locally and sustainably the energies for the communities inaccessible to the electricity connection. One of the important aspects in the technology design is the selection of the blade number. This aspects can raise several consequences including the performance, the manufacturing cost and the construction constrain. The performance must be on the top of the priority in the technology design as the river velocity is typically low which effortlessly brings the technology uneconomically attractive. This study deals with the investigation of effect of the blade number on the performance of the horizontal axis river turbine for low speed condition. The investigation is conducted by a parametric study with the mathematical model of the Blade Element Momentum. The results indicate that turbines with high blade number deliver a better performance than those with the lower blade number. However, the consequences will be the low rotation for the high bladed turbines thus requiring a high gearing ratio for the mechanical transmission. This study also discusses the reason for the results of the investigation and presents a recommendation for designing of the river turbine for such low speed condition in relation to the decision of the blade number.
I. INTRODUCTION
It is inevitable that energies play important role in enhancing the economic development and the living standard. Unfortunately, many communities, especially whom live in rural areas still have a difficulty in accessing them. The topography and geography conditions of the regions and the limited infrastructure are believed to contribute for the difficulty in accessing the energy for the communities [1] , [2] .
A river current turbine is one of the clean decentralized renewable energy technologies potential in delivering energy in regions where topography and geography conditions become main obstacles for the centralized power distribution system. This technology is an electromechanical energy converter that harnesses the kinetic energy of the water current of a river. It operates at almost a zero potential head that requires little or no civil work and causes less environmental impacts compared to the conventional water power technologies [3] .
A rotor is one of the important elements in the turbine which needs a high attention in a design phase. This is because that the rotor is the only element that intercepts the moving water energy and converts it into a rotational force to drive a generator in order to produce a power.
The most common rotor configuration is horizontal and vertical axis turbine arrangements. The horizontal axis rotor is believed to deliver some beneficial features over its counterparts, the vertical turbine, including high efficiency, easy self-starting, lacks of torque fluctuation and high speed operation [4] . Studies in [3] , [5] show that the horizontal axis river current turbines for the power generation have been in a stage of field experiments and field applications in some countries such as Sudan, Bangladesh, Egypt, Sudan, Somalia, Australia and South America and the United States.
One of the constraints for the turbine power application is the low typical river current velocity. This possibly brings the option of the turbine utilization to be less favorable for the implementation. This is because that the performance which is a function of the cubic velocity, for such speed condition is highly possibly low, resulting in an uneconomical technology application. In eliminating the undesirable impact of this velocity constraint on the technology application, the turbine requires to be designed as such it have a high performance on the low water speed condition.
The knowledge on the behavior on the effect of the design parameters on the performance on the river technology can assist designers when making decisions on the stage of technology design in order to obtain the technology with desirable economical sense. This study aims to investigate the effect of blade number, one of the design parameters, on the performance of a horizontal axis river current turbine at the low speed condition.
II. LITERATURE STUDY
Literatures which present the relation of blade number on the horizontal axis turbines performance in wind domain can be found in [6] - [9] . Most of the studies indicate that the turbine with high blade number may obtain high performance at a low rotation, while those with lower blade number may derive the high performance at a high rotation. Literature in [10] explains that the increasing on the blade number of the turbine can increase the turbine performance. But, putting too many blades may result in an aerodynamic complication, reducing the performance. According to [11] Ridway Balaka, Aditya Rachman, and Jenny Delly of the mass flow rate through the rotor, thus reducing the performance. According to [12] the turbine with very high blade number may result in the reduction on the performance caused by the stall looses. Even some of previous references show the relation of the blade number to the turbine performance; these seem to be less representative as references for the case of the water turbine as the density of both fluids is different. This difference highly possibly influences the differences on the force acting on the blade, so does the performance.
Studies in [13] - [16] show several projects on horizontal axis hydrokinetic technologies, such as tidal and river turbine, by several companies such as Verdant Power, Seaflow and several institutions such as the Harbin Engineering University, Northeast Normal University, Charles Darwin University and Brasilia University. Some of these references figure the detail of the blade number put on the turbine system. But, it seems that no detail on the investigation on the effect of the variation of the blade number on the turbine performance can be found in these references.
Literature in [5] shows some works in on the experiments on the horizontal river turbine intended for remote community application in some countries, such as Australia, United Kingdom and South America. Each of the work is conducted in different blade number. However this information seems to be less representative in delivering a figure on the effect as the blade number on the water turbine performance since the velocity condition and the blade geometry and dimension are different among the works.
III. METHODOLOGY
The investigation is conducted by a parametric study with the mathematical model of the Blade Element Momentum theory
A. The Blade Element Momentum Model
According to [17] , this model can be utilized in designing the turbine blade and in evaluating the wind turbine performance. Using this model, it is also possible to evaluate the forces acting on the blades, the torque and the power at a rotor shaft with a wide range of wind velocities. Fig. 1(a) . The Blade Element Momentum model Illustrated by Rachman , adopted from [12] , [21] , [22] There are similarities in the working principles between the current turbines and wind turbines [18] . The reason may come as the water current turbine is purely extracting the kinetic energy of the water with almost zero differential potential head, a similar mechanism to that of the wind turbine. According to [13] , [19] , the valid equation of water current turbine is analogous to that of the wind turbine. According to [20] , the Blade Element Momentum model can be applied into water current domain as the basic equations which construct the model can be applied into water. Fig. 1 (b) . The detail of the forces on a blade element Illustrated by Rachman , adopted from adopted from [12] , [21] , [22] In this model, the coefficient of performance (CP) (the hydrodynamic efficiency ) is formulated by CP = .
(
where R is the turbine radius (m) , rh is the hub radius, Ω is the turbine rotation (RPM), Vo is the ambient water velocity (m/s), ρ is the specific mass of water (Kg/m 3 ) and A is the rotor swept area (m 2 ) and dQ is the elemental torque formulated by
where r is the elemental blade radius (m) and dL is the elemental lift force (N) , formulated by dL = B ρ V C sin φ − C cos φ c dr
where, B is the blade number, c is the blade cord length (m), C L is the lift coefficient of hydrofoil , C D is the drag coefficient of hydrofoil and V rel is the relative velocity (m/s). Parameter of φ is the relative angle (º) follows the relation of φ = α + θ, where θ is the blade angle (pitch angle) and α is the attack angle. The relative wind angle (φ), also follows the relation of φ = arctan
where V 1 is the water velocity at rotor (m/s) and V rot is the water rotational velocity (m/s).
B. The Data of Investigation
In this investigation, the radius (R) of the turbine is 0.5 meter and the hub radius (rh) is 0.2 m. The cross section of the blades has a hydrofoil shape with the type of NACA 0012. The data of the lift and drag coefficients (C L and C D ) for this hydrofoil is derived from the study in [23] . The cord length (C) is 0.1 m and is constant over the blade span (non tapered). The blade angle (θ) is 0° and is constant along the blade radius. The water velocity (V 0 ) is set to be 1 m/s. The turbine rotation (Ω) is varied form 0 -90 Rotation per Minute (RPM). The result of this investigation is presented in a graph which shows the turbine performance, represented by the coefficient of performance (CP) on the variation of rotation and blade number. To derive additional information that can be utilized to explain the reasons behind the results of the investigation, the data of lift force (L), attack angle (α) and velocity at rotor (V 1 ) is also calculated. This data is derived from the calculation in the investigation using the model.
To do the calculation using the Blade Element Momentum theory, the program of MATLAB is utilized.
IV. RESULTS AND DISCUSSION
The Fig. 3-5 are the results of the investigation; the coefficient of performance (CP), the lift force (L), the attack angle (α) and the velocity at rotor (V 1 ) at water velocity (V 0 ) of 1 m/s in the variation of the blade number (B).
A. Performance
The turbine with 12 blades reaches its peak performance at 0.275 at rotation of 35 RPM. When the rotation is increased, the turbine starts decreasing its performance, while those with lower blade number perform better (see Fig. 2 for detail).
The results also indicate that the high bladed turbines reach the maximum efficiency at a higher value than the value at which the maximum efficiency is achieved by the lower bladed turbines. 
B. Lift Force
At low rotation the lift force acting along the blade for the high bladed turbine is relatively higher compared to that with the lower bladed turbine (see Fig. 3a) . The reason may come as the interaction of the blade area and the wind is high as a result of the high blade number. This high force increases the torque in the blade, thus enhancing the performance. This is the reason for the high performance of the high bladed turbines at a low rotation.
At a high rotation, the lift force acting on the blade for the high bladed turbines is lower than those with lower number. It can be seen from Fig. 3b , that the turbine with 12 blades almost produces zero lift along its radius while those with lower blade number can still maintain its lift force along the radius. This can be the reason why the performance of the low bladed turbines is higher than those with higher number at the high rotation.
C. Attack Angle
As seen in Fig. 3b , at the high rotation, the lift force acting on the blade for the high bladed turbines is much lower. The attack angle may contribute to this phenomenon. This can be explained that at a high rotation for high bladed turbines, there is a tendency that the attack angle to be much lower (almost zero along the blade) than those with the lower bladed turbine (see Fig. 4b ). This low attack angle results in low lift coefficient thus the lift force will be low. This condition exists as the characteristic of the hydrofoil of NACA 0012 has the low lift coefficient at very low attack angle.
D. The relation of attack angle to the blade number
From the phenomena of the low attack angle at the high rotation operation for the high bladed turbines, the following paragraph attempts to explain the relation to the effect of the blade number. At high rotation, the velocity at rotor of the high bladed turbines is considerably lower than those with the lower blade number (see Fig. 5b ). According to the explanation in the Blade Element theory in previous section, the relative angle, which is the sum of the attack angle and the blade angle, is the function of the velocity at rotor and the rotational velocity (see Equation 4) . The combination of the high rotational velocity and the low rotor velocity highly possibly results in the low relative angle. As the angle is low, the attack angle will also be low (Fig. 6 and Fig. 7 illustrate the condition of the attack angle at high-low rotation for both high and low blade number turbines).
The reason for the low rotor velocity at high rotation for the high bladed turbines can be the resistance effect created by the area of the blade interacted with the fluid. For the low bladed turbine as the area interaction is less. Thus, it creates less blockade effect. As a result, the velocity at rotor is still maintained at a relatively high value at the high rotation operation. The high bladed turbines have the higher performance than those with lower number. However, the consequence will be the low rotation operation for the high bladed turbines.
This condition exists as at a low rotation the lift force acting on the blade is high as a result of high area interaction for the turbines with high blade number. At a high rotation, even the area interaction is high; the attack angle is very low. This causes a low lift coefficient thus creating low lift force, resulting in low torque generated. The reason for the low attack angle at the high rotation for the turbine with high blade number is that the velocity at rotor is low as a result of the blockade effect of the high bladed turbine. This low velocity in high rotational velocity results in low relative angle. As the angle is low the attach angle will be low.
The high performance of the high bladed turbine at a low rotation operation requires a high gearing ratio for the mechanical transmission system. As the high ratio, it possibly requires more level transmission. This may result in the high loses thus possibly reducing overall turbine system performance. Thus, it can be dilemmatic to choose the high bladed turbines in order to gain high turbine efficiency, but the consequence will be the high loses in transmission system caused by the high ratio as a result of low rotation. Thus, in designing the turbine system it requires creating a synergy between the chosen of the blade number and its corresponding rotation; as such it yields into the maximum overall turbine system performance.
